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Phthalocyanine was first discovered by Braun and Tehemiac, the special optical 
properties of phthalocyanine compounds had being widely studied and applied in 
chemistry and biochemistry ever since.  In general, metal phthalocyanines are 
stable compounds with easy way of synthesis.  They have been attracting more and 
more attention of analysts because of their great potential to be candidates of 
molecular probes in last decades.  Fluorescent phtlocyanine compounds can 
effectively avoid the interference of fluorescence and scattering light from 
background, as their absorption peak and fluorescence emission peak appear at 
long-wavelength region.  This paper focuses on the application of aqueous metal 
phthalocyanines in the analysis of biological molecules and inorganic anions. 
In chapter 1, the application of long-wavelength optical probe was reviewed.  
Firstly, the paper introduces the basic principles of the optical probe and the 
characteristics of long-wavelength optical probe.  Then the practicality of 
long-wavelength optical probe in chemistry and biochemistry fields was illustrated.  
The detection of small molecules, biological macromolecules and the application of 
biological imaging with long-wavelength optical probe were mentioned respectively.  
This chapter makes a notably mention of the biological imaging in vivo with 
long-wavelength optical probe in recent years. 
In chapter 2, we had found that a low concentration of RNA could induce 
cationic aluminum phthalocyanine (TTMAAlPc) which emitted strong red 
fluorescence to aggregate in neutral media, resulting in an almost complete 
quenching of fluorescence from the cationic aluminum phthalocyanine.  The RNA 
is degraded through hydrolysis by RNase, which destroys the induced aggregation of 
TTMAAlPc on RNA and releases free TTMAAlPc, leading to a significant 
fluorescence recovery of the reaction system.  Based on this new finding, a method 















TTMAAlPc-RNA association complex as a new fluorogenic substrate of RNase.  
This method had been applied in the analysis of ribonuclease in the urine specimens 
from healthy adults, and the results were consistent with those determined by 
conventional spectrophotometric methods.  The developed method is easy to 
operate and highly sensitive, and has a wide linear range, thus solving issues with 
conventional methods.   
In chapter 3, the main idea of this part of work is to develop a non-specific 
method for the determination of DNA with high sensitivity.  The fluorescense of 
AlS4Pc was almost quenched by low concentration of histones in weakly alkaline 
medium due to induced aggregation, but recovered significantly in the presence of 
DNA.  Based on this phenomenon, a novel method for quantitative determination 
of DNA was proposed.  The established method shows non-specificificity to DNA 
in different size, structure (single strand or double strand), and origins.  This work 
has resovled the common issue present in the detection of nucleic acids.  It is 
convenient for application in the practical determination.   
In chapter 4, we develop a novel spectrophotometric method for highly selective 
determination of MoO4
2-
 ions in the aqueous phase.  A new mode for the naked eye 
detection of MoO4
2-
 is also established.  Water-soluble tetrasulphonated nickel 
phthalocyanine (NiS4Pc) forms an insoluble complex with Pb
2+
.  A variety of acid 
radical ions can dissolve the NiS4Pc-Pb(II) complex.  At low benzenesulphonic 
acid concentration, the dissolution of the precipitate by most anions is completely or 
substantially inhibited, and only MoO4
2- 
can dissolve the NiS4Pc-Pb(II) precipitate to 
release NiS4Pc, where the solution phase displays the characteristic colour and 
absorption of NiS4Pc.  This finding indicates that NiS4Pc-Pb(II) can be used as a 
specific identification probe for MoO4
2-
 anions.  This method, which has high 
specificity, excellent stability and simple, rapid operation is highly practical.  The 
novel method can realise visual observation, which is especially valuable for on-site 
or field analysis. 
In the final chapter, we developed a novel spectrophotometric method for 
specific determination of P3O10
5-

















.  NiS4Pc forms an insoluble complex with Pb
2+
 while the dissolution of 
the insoluble complex by most anions is almost completely inhibited at low citric 
acid concentrations , and only P3O10
5-
can dissolve the NiS4Pc-Pb(II) precipitate to 
release NiS4Pc, where the solution phase displays the characteristic colour and 
absorption of NiS4Pc. We applied this new finding to develop a specific 
identification probe for P3O10
5-
 ions.  In summary, this method which has a strong 
practicability is easy to operate and highly stable, and can realise visual observation.  
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